A large body of evidence has indicated that the dynamism of the biological membrane is closely associated with a variety of functions, such as enzymatic activity, fusion, hormone receptor and transport (27) . The interaction of phospholipids with proteins is of special prime importance and a central problem to be resolved.
For examining such structure-function relationships in biomembranes at the molecular level, the protozoan cell, Tetrahymena has proven to be a particularly suitable model system, since a considerable amount of structural, as well as biochemical information has accumulated on the cell (5). One of the advantages in using Tetrahymena for this type of study is the capacity to readily manipulate the physical state (fluidity) of membrane lipids in vivo by changing the environmental temperature (6, 16) or feeding exogenous fatty acid (9, 13) , ergosterol (18) or chimyl alcohol (7) .
Since this cell is known to contain hormone-sensitive adenylate cyclase [ATP pyrophosphate-lyase (cycling), E (4. 6. 1. Freeze-cleavage electron microscopy. For observation of temperature effects on membrane structure by freeze-cleavage electron microscopy, cells were cooled down over 4 min to different temperatures and kept for 5 min at each temperature. Then, these samples were fixed with glutaraldehyde in 50 mM cacodylate buffer, pH 7.4 at a final 1 % concentration precooled to the sample temperature and transferred to 40 % glycerol in 0.85 % NaCl. The specimens on a brass holder were rapidly frozen in Freon 12 at liquid N2 temperature and freeze-fracturing was carried out using a Hitachi HFZ-1 freeze-etching device as described previously (25) . Replication was performed with platinum-carbon, and the replicas were coated with carbon. After this cleaning procedure, the replicas were given three rinses in water prior to collection on 400-mesh grids. The electron microscopic observation was performed in a JEM-100 U electron microscope.
RESULTS
Distribution of adenylate cyclase activity in subcellular membrane fractions of T. pyriformis NT-I. Changes were examined in adenylate cyclase activity at different stages of cell growth of thermotolerant Tetrahymena NT-I strain. This strain has a higher activity of adenylate cyclase compared to WH-14 and W strain. Fig. 1 shows that there is a close relationship between adenylate cyclase activity and cell growth cycle. The early stationary phase cells show a much higher level of adenylate cyclase 
DISCUSSION
Cyclic AMP which is synthesized from ATP by adenylate cyclase is remarkably related to a variety of physiological processes in the cell (20) . Several studies have indicated that cyclic AMP may be involved in the cell cycle regulation in Tetrahymena (29) . However, the significance of the presence of hormone-sensitive adenylate cyclase in free-living unicellular eukaryote, Tetrahymena still remains obscure.
It was found as shown in Fig. 1 that there is a close relationship between adenylate cyclase activity and cell growth cycle in thermotolerant NT-I strain of Tetrahymena pyriformis which has a much higher cyclase activity compared to other strains. Recently, the remarkable growth dependence of cyclase has been clearly depicted by Dickinson, Graves and Swoboda (4). They have demonstrated using synchronous cultures of T. pyriformis W that intracellular cyclic AMP is coincident with cell division and is accounted for by changes in the adenylate cyclase level. The level of cyclic AMP has been known to be diminished during cell division in most cells.
As for localization of adenylate cyclase in Tetrahymena cell, the present study found for the first time that this enzyme is primarily associated with the surface membrane, pellicle. Although it was expected that cyclase activity of pellicles was much higher than that of the whole cell homogenate, our results did not show a marked increase in the specific activity of pellicles. This may be due to loss of enzyme activity during membrane preparation. As several studies have demonstrated that adenylate cyclase activity is dependent on membrane structure, enzyme levels determined in isolated membrane preparations may not reflect the full catalytic potential of intact cells (21) .
Such enrichment in the surface membrane of adenylate cyclase is compatible with mammalian cells where the enzyme is entirely localized on the plasma membrane (2, 20) . However, it is also interesting to note that in the protozoan Acanthamoeba palestinensis adenylate cyclase activity has been reported highest in the microsomal fraction rather than the plasma membrane (3). A reasonable explanation for such different localizations of this enzyme has not been found. It has been widely accepted that freeze-cleavage electron microscopy is a powerful tool for demonstrating the dynamic structure of the biological membrane (22) , even though there are a variety of other physico-chemical techniques, such as NMR, ESR and fluorescence. We have recently reported (13) that freeze-fracture electron microscopic analysis of Tetrahymena membranes subject to temperature quenching can provide direct, useful information on the physical state of the membrane. Therefore, in the present study we have used this temperature quenching method for freezefracture analysis of the physical state of pellicle membrane where adenylate cyclase is principally associated. When the membrane lipids are in a fluid state, the membrane protein particles are randomly distributed but once the phase separation occurs by any of such factors as temperature (8) and drugs (15) , the solid and fluid lipid domains coexist whereby the membrane particles are sequestered from the solid lipid area into the fluid regions. Wunderlich and his colleagues (28, 30) Thus, the results of the present study would indicate that the thermally-induced changes in adenylate cyclase activity of the pellicle may reflect the altered physical state of the membrane. This supports the possibility for a close interrelationship between enzyme activity and fluidity of biological membranes. To confirm such a correlation, it is necessary to demonstrate alterations of cyclase activity by manipulating membrane lipids. For this purpose Tetrahymena cell would be an excellent model because the membrane lipids of this free-living cell can be readily modified in vivo by feeding different substances (7, 9, 13, 18) .
